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ABSTRACT 
A method to predict 24 h movement of tropical cyclones using consecutive daily satellite views is 
described. The method is based on the observation that changes in the location of major structural 
features of the storm are correlated with changes in the direction of movement of the storm centers. 
Major structural features appear to retain the same relative location with respect to the direction of 
movement of the storm center. The rotation of features noted in comparing satellite views over a 24 h 
period is frequently found to approximate in sense and value the further deflection the storm will.take 
in its track during the following 24 h. A test evaluation of the method was conducted by seven individuals 
using 31 separate data sets of satellite data. For the purposes of the test only direction of movement 
forecasts were made and storm center displacement was neglected. The results on a post-analysis, non-
real-time, basis compared favorably with official 24 h forecasts. 
1. Introduction 
Since the launch of the first meteorological satellite, 
TIROS 1, efforts to deduce the direction of motion or 
to forecast the future movement of tropical cyclones on 
the basis of satellite data have been largely unsuccessful. 
The same has held true in the use of radar for similar 
purposes. One reason for this lack of success may be a 
result of the incomplete coverage obtained by either 
of these systems over the length of time necessary to 
observe changes in storm structure associated with 
changes in direction of storm motion. Satellite data have 
been more complete in terms of coverage than radar 
data but, until recently, problems of format and 
perspective made it difficult to obtain a significant 
sample of cases ideally suited for such a study. 
The declassification of the U. S. Air Force Defense 
Meteorological Satellite Program (DMSP) provided a 
new source of weather satellite data which eliminated 
previous problems of format and perspective. This 
system provides fully rectified photographs on a con-
stant scale of 1: 15,000,000 or optionally, 1: 7,500,000. 
Visual data are available at a resolution of 0.61 km 
(} n mi) (at subpoint) and concurrent infrared data to 
the same scale and for the same area are available with 
a resolution of 3. 7 km (2 n mi) (at subpoint). The 
unique display capabilities of the DMSP system pro-
vides large high quality transparent strips of these data 
and also provides for an infrared option which produces 
a vertically "sliced" infrared depiction in four shades of 
grey denoting different layers of the atmosphere. A 
complete file of DMSP data showing western North 
Pacific typhoons of 1972 and 1973 was recently made 
available to the Environmental Prediction Research 
Facility (EPRF). This provided an unprecedented 
opportunity to re-examine the question of changes in 
storm motion in relation to changes in cloudiness 
patterns. 
The results of this examination suggested a method 
for predicting tropical cyclone motion based on satellite 
data which, in a non-real-time test evaluation limited 
to direction of motion only, as described in Section 4, 
produced results which compared favorably with 
official 24 h forecasts. 
2. Background 
The rationale for storm structure or changes in storm 
structure to be related to direction of stonn movement 
has been alluded to in the literature although not in a 
quantitative manner which could be of use to the 
operational forecaster. Sherman (1953), for example, 
noted that the hyperbolic point associated with the 
cyclonic indraft of the storm rotated clockwise around 
the storm (in the Northern Hemisphere) as the stonn 
changed direction from westerly to northeasterly in the 
recurvature process. Since major asymptotes of con-
vergence and divergence define the hyperbolic point in 
its association with the storm center, it seems plausible 
that as the storm center changes direction and the 
hyperbolic point shifts-so should many of the asso-
ciated patterns of stonn cloudiness. 
Senn (1966), in a study of some 20 tropical cyclones, 
found that most radar patterns of storms could be 
loosely categorized in appearance as a "9" or a "6." He 
found that most westward-moving storms fitted the 
"9" category (with north to the top of the page) while 
most "6" type storms were heading north or northeast. 
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FIG. 1. The rotation of the hyperbolic point and Convergence Asymptote (CA) associated with a tropical cyclone in a changing 
lower tropospheric flow from east (a), to south (b), to west (c). 
In Fig. 1, it can be seen that these numerical patterns 
relate well to the shape of the cloud patterns which 
could be presumed to form along a convergence asymp-
tote, assuming a cyclonic indraft embedded in flow 
from the east, shifting to the south and then from the 
west. 
Such a depiction is, of course, extremely over-
simplified. Tropical cyclone structure can be much 
more complex: with secondary areas of convergence 
including many spiral and outer-convective bands; 
with an eye, an upper rain and cirrus shield; and in 
some instances with inter-system connective cloudiness. 
There is also the consideration that the actual steering 
current need not be low-level flow or parallel to the 
low-level flow (as implied in Fig. 1) but rather an inte-
grated effect of flow at several levels acting to move the 
storm and produce the observed rotations and changes 
in storm direction. In this paper the term "steering 
current" is used in this more general context. 
Another question arises when one considers the 
possible use of satellite data to determine rotation of 
features associated with rotation of hyperbolic points. 
This question is: "How persistent are such features 
with respect to time?" Geostationary data over the 
Atlantic and Eastern Pacific, with views approximately 
every half-hour, indicate preservation of many struc-
tural features for several hours. The rest of the world, 
including areas having a great frequency of tropical 
cyclones, is surveyed only by polar orbiting satellites 
at 12 to 24 h intervals. These data support the geo-
stationary evidence in demonstrating the conservative 
nature of the storm's basic structure over the longer 
time periods. 
A study of cloud patterns observed on aircraft flights 
into hurricane Daisy, 1958, by Malkus et al. (1961) also 
bears on this question. Their study showed a "remark-
able persistence of recognizable cloud patterns through-
out the three days studied ... " They found that rows 
of cumulonimbus, the edge of the cirrus shield, and a 
pronounced clearing 371 km (200 n mi) southwest of 
the storm center, all persisted in roughly the same 
location relative to the storm center-despite the 
passage of more than 48 h and 371 km travel of the 
storm center. 
Colon and Staff (1961), in a radar study of the same 
storm, noted that " ... these similarities are present 
also when interpreted relative to the direction of 
motion." In fact, as discussed by Colon et al., a radar 
composite of the storm on 25 August 1958 superimposed 
and rotated on the composite for 27 August 1958 so 
that direction of motion coincided, showed excellent 
correspondence in the location of major echoes and 
bands. 
If it is true that major structural features of tropical 
cyclones tend to rotate and maintain the same relative 
position with respect to the moving center, then a 
potential means for deducing future direction of motion 
exists. This idea is further developed in this paper 
incorporating certain assumptions concerning the 
tropical cyclone track over a period of 48 h. 
3. The development of the method 
If a steering current of constant speed and constant 
curvature is assumed, one can obtain a depiction of 
tropical cyclone tracks as shown in Fig. 2. This figure 
is an idealized depiction of tropical cyclone tracks with 
storm centers undergoing continuous changes in 
direction under the influence of steering currents of 
constant speed and constant curvature. Each 24 h 
track is actually a segment of a large circle whose center 
is defined by the perpendicular bisectors of T 1 T 2, and 
T 2T3. In Fig. 2a the tropical cyclone changes direction 
counterclockwise by 30° in transit from T 1 to T 2• A 
24 h persistence of curvature forecast from time T 2 
would require the storm center to be deflected another 
30° and to be located at position T 3• The distance 
traveled is such that T 1T2=T2T3. Similarly, Fig. 2b 
shows the case for a storm being steered in a clockwise 
manner. 
In this idealized depiction, if one knew the location 
of the hyperbolic point at 24 h positions T 1 and T2 in 
relation to the storm center, one could measure the 
relative angular rotation of this feature and use this as 
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FIG. 2. Idealized depiction of the movement of a tropical cyclone in a cyclonic (A) and anticyclonic (B) steering current of constant 
speed and constant curvature. T 1, T 2 and T 3 are progressive 24 h positions of the storm centers. 
a persistence forecast for continued turning during the 
next 24 h. Alternately, if no rotation were noted, 
straight-line extrapolation in direction T1T2 would 
probably be the best forecast. Unfortunately, the 
concept of a steering current is complex, possibly in-
volving an integrated "coupled" effect of flow at several 
levels interacting with the internal structure and 
dynamics of the storm. The associated hyperbolic 
points are similarly ill-defined. So this idealized depic-
tion is difficult to apply ia actual practice. Satellite 
data, however, present a view of tropical cyclones which 
represents directly the effects of coupled, integrated, 
three-dimensional atmospheric motion. The ordered 
persistence of storm structure as revealed by the satellite 
may also show through pattern rotation from day to 
day the same type of evidence we had hoped to glean 
through an analysis of hyperbolic point rotation. 
Several examples will now be presented to demonstrate 
this hypothesis and clarify its use in forecasting tropical 
cyclone motion. 
As suggested earlier, when one compares consecutive 
daily· satellite views of a tropical cyclone, a striking 
similarity in appearance is generally noted. The 
similarity is especially pronounced if storm intensity 
has remained fairly stable during the 24 h period. Even 
some rather drastic changes in intensity do not entirely 
destroy the resemblance of characteristics from one day 
to the next. This can be seen quite clearly if one com-
pares the view of tropical storm Anita on 6 July 1973 
(Fig. 3), intensity of 18 m s-1 (35 kt), with the following 
day's view (Fig. 4), intensity 31 m s-1 (60 kt). Note in 
FIG. 3. Tropical storm Anita on 6 July 1973 at 0500 GMT 
[maximum wind, 18 m s-1 (35 kt)]. Approximate position of the 
storm's center is indicated by the small circle. 
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Fie. 4. Tropical storm Anita on 7 July 1973 at 0446 GMT 
[ maximum wind, 31 m s-1 (60 kt)]. Approximate position of the 
storm's center is indicated by the small circle. 
particular the asymmetry of the storm's center position 
with respect to major overcast cloudiness west of the 
storm center on both days, the noticeable spiral bands 
curving into the storm from the north on both days, 
and the general overall shape of cloudiness west of the 
storm center which persists from one day to the next. 
If the outline of these major features and surrounding 
convective cloudiness associated with Anita on 6 July 
FIG. 5. Outline of major cloud features of tropical storm Anita 
on 6 July 1973 at 0500 GMT. 
Frc. 6. Outline of major cloud features of tropical storm Anita 
on 6 July 1973 at 0500 GMT, superimposed over Anita on 
7 July 1973 a t 0446 GMT so as to achieve a best fit. 
are traced onto a plastic overlay (Fig. 5) and then this 
overlay is superimposed over Anita on 7 July (rotating 
so as to achieve a "best-fit"), the depiction shown in 
Fig. 6 is obtained. As can be seen, a counterclockwise 
rotation of the overlay by about 30° was necessary to 
obtain this fit. If this rotation is indeed related to a 
similar rotation or change in direction of storm motion, 
and if such a tendency for continued rotation were 
FrG. 7. Predicted 24 h position of tropical storm Anita (small 
arrow). Past 24 h position of Anita is indicated near 11°N, 112°E. 
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FIG. 8. Typhoon Anita on 8 July 1973 at 0431 GMT. Past 
24 h and 48 h positions of Anita are indicated near 15.5°N, 
ll0°E, and 11°N, l12°E, respectively. 
assumed to persist for the following 24 h with no change 
in the speed and curvature effect of the steering current, 
then a deflection of the storm of 30° to the left of its 
past 24 h track would be anticipated to a position as 
shown in Fig. 7 (see also Fig. 2a). In Fig. 7 the white 
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line shows the previous 24 h track of Anita and the 
predicted future course deviating 30° to the left. Anita's 
predicted center position is shown by a small dot. The 
verification of this concept is shown in Fig. 8 which 
shows Anita on 8 July. As can be seen, the forecast 
course actually bisects the eye of the storm on this date 
and the predicted center falls within the actual eye of 
the storm. Admittedly, this would be considered a 
spectacularly successful forecast. Table 1, to be pre-
sented, will demonstrate that the test results also 
produced some spectacular failures. 
In examining many of the DMSP typhoon views 
available, certain characteristic changes were found 
which were useful in determining the amount of rotation 
occurring in the 24 h period from "day 1" to "day 2." 
Fig. 9 is a schematic showing some of these changes. 
The general shape of the storm system (Fig. 9a) is often 
elliptical. In this case by rotating the shape or axis of 
the ellipse on day 1 so that it coincides with the axis 
on day 2, a positive (clockwise) deflection can be noted. 
In Fig. 9a, for example, a deflection of the storm to the 
right by about 50° would be anticipated in the following 
24 h (verifying at day 3). Figs. 10 and 11 show how use 
of this characteristic pattern rotation would have 
produced an almost perfect forecast for deducing a 
sudden 65° deflection to the left of the past 24 h track 
for typhoon Rita during the period 19-20 July 1972 
(see also the typhoon track diagram in Fig. 12). 
Clear areas or relatively clear areas are often noted 
(Fig. 9b) as slots in the space between the edge of the 
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FIG. 9. Characteristic changes in cloud patterns associated with directional changes of motion of tropical cyclones. 
JUNE 1975 R 0 BERT W. FETT AND S-A-M S 0 N BR AND 457 
FrG. 10. Typhoon Rita on 17 July 1972 at 2305 GMT [maxi-
mum surface winds, 36 m s-1 (70 kt)]. The elliptical shape and 
its major axis passing near the storm center are indicated by the 
white curve and line. 
central overcast disk and impinging convective bands. 
These slots apparently rotate as the storm changes 
direction. Analysis of rotation in Fig. 9h indicates that 
the storm should be forecast to deflect approximately 
35° to the left in the 24 h period following day 2. 
A 50° shift to the right (Fig. 9c) can be deduced by 
noting the clockwise rotation of connective banding 
leading into this model depiction. Such banding is fre-
quently found along a convergence asymptote leading 
from one storm to another and can consist either of 
convective bands or bands of cirrus. Figs. 13 and 14 
show two consecutive daily views of tropical cyclone 
Phyllis during the period 2200 GMT 8 July 1972 to 
2140 GMT 9 July 1972. The key to forecasting the 31° 
deflection to the right, as shown in Fig. 12, for the 
following 24 h period consisted of taking the overlay 
from Fig. 13, superimposing this on Fig. 14, and ob-
taining a best fit through 1) matching the edge of the 
main overcast disk, 2) alignment of the convective band 
leading from Phyllis southeast toward tropical storm 
Tess, and 3) alignment of the slot between the outer 
convective band and the main body of Phyllis. 
The edge of the main overcast cloud shield surround-
ing the storm and the rotation of the shape of this edge 
is perhaps the most important single element to consider 
in attempting to determine sense and value of rotation 
(see Fig. 9d). Normally, a thin cirrus shield extends 
beyond the edge of the main overcast disk and parallels 
the curvature of this feature. Figs. 15 and 16 showing 
typhoon Phyllis at 2112 GMT 10 July 1972 and 2227 
GMT on 11 July 1972, respectively, exemplify this 
characteristic. A best fit matching of the overlay drawn 
on Fig. 15 with the cloud features of the storm as shown 
on Fig. 16, using the cirrus edge and the main dense 
overcast edge as a guide, resulted in a rotation of about 
39° to the left. This agrees within a couple of degrees 
of the actual storm motion during the subsequent 24 h 
period (see Fig. 12). Note that the general shape of 
Phyllis on 10 July (Fig. 15) is elliptical and that this 
elliptical pattern could also have been used as an 
indicator in deriving the 39° turn to the left. 
Another important point which may be derived from 
this example is that features close to the center of the 
storm should be given highest priority in attempting 
to achieve a best-fit. The eye of the storm as drawn on 
the overlay (day 1) need not exactly correspond with 
the location of the eye on day 2. However, it should be 
held within a degree or two of this feature. Cirrus 
striations and convective features farther away from 
the storm must be given secondary priority to matching 
features intimately associated with the storm's im-
mediate environment. In other words, if matching 
secondary features results in a mis-match of the main 
storm outline, such secondary indicators must be 
disregarded. 
As might have been anticipated, much was learned 
during the course of the test evaluation which was not 
available to the examinees but is now considered 
important in retrospect. One of the most important of 
these was the use of arrows paralleling detected cirrus 
striations indicative of the upper-level flow (normally 
anticyclonic) above the storm area (Fig. 9e). By 
supplementing the outline of major storm features with 
these indicators of upper-level flow, and rotating them 
until they parallel the uper-level flow on the following 
FIG. 11. Typhoon Rita on 18 July 1972 at 2238 GMT [maxi-
mum surface winds, 44 m s-1 (85 kt)]. The elliptical shape and 
its major axis shown in white from Fig. 10 have been super-
imposed and rotated in this depiction by 65° to obtain a best fit. 
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F1G. 12. Selected best track positions and angular deflections from previous 24 h straight-line tracks for 
typhoons Rita, Phyllis and Lola (1972 Annual Typhoon Report). 
day's picture, it is often possible to improve the resul-
tant derived rotation. The upper-level flow indicators 
appear to perform the function of "fine-tuning" to 
achieve the best-fit. Such indicators must always be 
FrG. 13. Tropical storm Phyllis on 8 July 1972 at 2200 GMT 
[maximum surface winds, 31 m s-1 (60 kt)]. Typhoon Rita is 
visible to the west. 
used as secondary indicators once major structural 
features have been matched to the highest degree 
possible. Figs. 17 and 18 show how effectively such a 
method worked in a depiction of typhoon Lola on 
FIG. 14. Typhoon Phyllis on 9 July 1972 at 2140 GMT [maxi-
mum surface winds, 44 m s-1 (85 kt)]. Tropical storm Tess is 
visible to the east. 
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FrG. 15. Typhoon Phyllis on 10 July 1972 at 2112 GMT 
[maximum winds, 59 m s-1 (115 kt)]. Tropical storm Tess is 
visible to the east. 
31 May-1 June 1972. The flow indicators suggested 
more clockwise turning then might have been deduced 
from structural features alone. The suggested 30° de-
flection to the right corresponded very nicely with the 
actual deflection of 32° (see Fig. 12). 
So far this paper has presented only examples of the 
DMSP very high resolution (VHR) visual channel of 
FIG. 16. Typhoon Phyllis on 11 July 1972 at 2227 GMT 
['.11_aximum surface winds, 54 m s-1 (105 kt)]. Typhoon Rita is 
v1s1ble to the west. 
FIG. 17. Tropical storm Lola on 31 May 1972 at 0158 GMT 
[maximum surface winds, 31 m s-1 (60 kt)]. Arrows indicate 
probable direction of upper-level flow deduced from cirrus 
striations. 
0.61 km Ct n mi) resolution. In practice, these data 
have been very effectively supplemented with DMSP 
infrared depictions (Figs. 19, 20 and 21). Fig. 19 is an 
infrared depiction of 3.7 km (2 n mi) resolution (at 
sub-satellite point) to the same scale and for the same 
time as the VHR depiction of Lola shown in Fig. 17. 
This depiction enhances details of the high cloud 
FIG. 18. Typhoon Lola on 1June1972 of 0143 GMT [maximum 
s~rface winds, 44 m s-1 (85 kt)]. Arrows indicate probable direc-
t10n of upper-level flow deduced from cirrus striations. 
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FrG. 19. An infrared depiction of tropical storm Lola on 31 May 
1972 at 0158 GMT [maximum surface winds, 31 m s-1 (60 kt)]. 
Compare this depiction with the VHR depiction of Lola in 
Fig. 17. Note the greater amount of cirrus cloudiness shown and 
the isolated enhancement of major convective features. 
structure permitting a better estimate of upper-level 
flow and through masking low cloudiness of small 
vertical development, it also emphasizes some of the 
major deep convective features of the storm-the most 
,., ... 
FIG. 20. An infrared "sliced" depiction of tropical storm Lola 
on 31May1972 at 0158 GMT [maximum surface winds, 31 m s-1 
(60 kt)]. The darkest shade of grey indicates high clouds with 
temperatures colder than 245 K. White areas represent the 
lowest level of clouds (or no clouds) with temperatures greater 
than 285 K. Other grey shades are indicative of intermediate 
level cloudiness. Compare this depiction with Figs. 17 and 19. 
FIG. 21. An infrared "sliced" depiction of typhoon Lola on 
1 June 1972 at 0143 GMT [maximum surface winds, 44 m s-1 
(85 kt)]. Grey shade interpretation is identical to that of Fig. 20. 
Compare this depiction of Lola with Fig. 18. 
important indicators of changing storm direction. This 
product is most successfully used in deducing storm 
motion in conjunction with the VHR visual product. 
Fig. 20 is a "sliced" infrared depiction of Lola on 
31 May 1972 showing storm structure in four shades of 
grey. White areas represent the lowest level of clouds 
(temperatures greater than 285 K) and the darkest 
shade of grey shows the highest level of cloudiness 
(temperatures colder than 245 K). Other grey shades 
are indicative of intermediate level cloudiness. Such a 
depiction is especially useful in gaining the broadest 
"overall" view (see Fig. 9f). For example, the southern 
and western boundaries of this depiction are suggestive 
of the shape of an ellipse as shown. When this shape is 
rotated on the following day's sliced view of Lola 
(Fig. 21) to achieve a best-fit, a measurement is obtained 
similar to that derived from the VHR product (Fig. 19) 
which correctly called for a right turn of about 30° 
during the following 24 h period (see Fig. 12). Thus all 
three products (VHR, IR and sliced IR) supplement 
one another for optimum use in determining storm 
motion.1 
The essentials of Fig. 9 (with the exception of 9e) 
were described to seven examinees who had no prior 
knowledge of the method. On a non-real-time basis 
they attempted to test their skills against official fore-
casts using the methods described above and applying 
them to 31 separate data sets. In this preliminary test, 
only direction of motion forecasts were ·attempted, 
although actual position forecasts as exemplified in 
1 See the Appendix for a condensed summary of the rules 
and description of the method for applying the DMSP technique. 
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Figs. 3-8 are clearly feasible. The results of the evalua-
tion are described in the following section. 
4. Evaluation of DMSP technique 
Whenever a tropical cyclone technique is proposed 
as an aid in forecasting, it is useful to compare this with 
the Joint Typhoon Warning Center, Guam, official 
forecasts to determine if it can either approximate or 
exceed the quality of the JTWC value. Any objective 
forecast technique which can meet this criterion is, of 
course, quite valuable to the forecaster since he can 
incorporate the ideas and merge them into his subjective 
official forecast. Ideally, this would, in turn, reduce the 
official forecast errors. 
In order to test the DMSP method of tropical 
cyclone movement forecasting, incorporating opera-
tionally available information, a number of assumptions 
and approximations were necessary in the forecast 
technique evaluation. These were as follows: 
1) The two satellite positions used in the evaluation 
extend over a period of 24 h. The average time for the 
31 cases examined was 23 h 17 min [er (the standard 
deviation)= 1 h 23 min]. 
2) The satellite positions were approximated at 
0000 GMT for day 1 and day 2 for forecast verification 
purposes. The second satellite pictures were in the 
average 122 min from the 0000 GMT position (cr=55 
min) for the 31 cases. 
3) The satellite positions of the eye or circulation 
centers were located on the best track.2 During the 
1972 season the DMSP satellite tropical cyclone center 
positions (evaluated at Detachment 1, 1st Weather 
Wing DMSP Site located at FWC/JTWC, Guam) 
averaged 44.5 km (24 n mi) from the best-track posi-
tions at corresponding times. For forecast evaluation 
purposes the satellite tropical cyclone centers were 
approximated at the best-track positions. It should be 
noted that if an eye is present in the DMSP presenta-
tion, the deviation will be significantly lower than for a 
presentation with a poorly defined circulation center 
[approximately 27 .8 km (15 n mi) and 48 km (30 n mi), 
respectively]. 
4) The best track position (0000 GMT, day 2) was 
used as the initial or warning position from which the 
forecast was based. The average distance the best track 
positions were from the actual warning positions was 
37.4 km (20.5 n mi) [cr=36.5 km (19.7 n mi)] for the 
31 cases. 
5) All movement forecasts were verified relative to 
the 0000 GMT best-track position for day 3. 
6) Direction of movement was approximated as 
24 h straight line vectors between days. 
Incorporating the above assumptions and approxi-
mations, 24 h movement forecasts were made using the 
2 A post analysis track incorporating all available data. 
DMSP method for 31 tropical cyclone forecast situa-
tions for seven typhoons of the 1972 season. The basis 
of selection was simply that reasonably good views of 
the storms be available on two consecutive days at a 
time when JTWC was issuing warnings for these 
storms. These movement forecasts were compared with 
the JTWC 24 h movement forecasts considering 
direction only. Fig. 22 schematically shows the method 
of comparison for forecasts initiating at day 2 and 
verifying at day 3. The satellite pictures for use in the 
DMSP technique would be those for day 1 to day 2. 
Included in Fig. 22 is an example which shows that, in 
this case, the actual direction of movement from day 1 
to day 2 backed cyclonically 33° from the day 1-day 2 
period to the day 2-day 3 period. The JWTC forecast 
would indicate a backing of 10°, while the DMSP 
technique would suggest a deflection of 22°. In this 
example, JTWC would have a 23° movement error and 
the DMSP method would produce an error of 11°. This 
type of approach was used for the 31 cases evaluated. 
The answers for the DMSP technique derived by 
seven subjects for the 31 cases and movement errors 
(given in degrees error from actual values) for each of 
the subjects as compared to the JTWC movement error 
are shown in Table 1.8 
As can be seen for the 31 cases evaluated and com-
pared, the DMSP method produced excellent results as 
compared with the operational JTWC forecast. Six of 
the seven test participants bettered the JTWC average 
movement error and the average of all the scores was 
significantly better than the JTWC value (t-test of 
significance at the 5% level),4 so that even this small 
sample indicates that the DMSP method could be of 
value to the tropical cyclone forecaster. From another 
point of view the results are also noteworthy. A simple 
persistence forecast calling for straight line motion 
from the previous 24 h warning position to the following 
0000 GMT warning position produced an average error 
for the 31 cases of 29.1°. Four of the seven test partici-
pants improved upon this value which is often difficult 
to improve upon in short-range forecasts involving a 
limited number of cases. Considering the number of 
degrees of freedom involved in mechanically rotating 
two pictures to achieve a best fit, the results clearly 
exceed all expectations of random probability. This, of 
course, was the main purpose of the test: to determine 
in the simplest manner possible whether or not any 
forecast of value could be derived from the satellite 
3 The test participants had no knowledge of the actual storm 
tracks, and no access to other supporting analysis or forecasts. 
Only one of the test participants had experience in tropical 
meteorology. The group was composed of two meteorologists, 
four meteorological technicians, and one student aide who had 
no previous training in meteorology. 
4 t= (x-µ)N!/s, where x ands are the sample mean and stan-
dard deviation, 29.3 and 4.0, respectively. The sample consisted 
of the seven values ih Table 1 for the seven subjects. µ is the 
JTWC average value (34.2) and N was taken as 7. 
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FrG. 22. Schematic showing how movement forecasts were evaluated for DMSP and JTWC direc-
tion of movement forecasts versus the actual movement of the tropical cyclone. The 24 h forecast 
is initiated at day 2 and verified at day 3. 
data divorced from supplementary material of any 
variety. In an operational environment, the satellite 
data would be considered in combination with supple-
mentary analyses and forecasts for subjective modifica-
tion as warranted. 
5. Some additional considerations 
The DMSP method for predicting the movement of 
tropical cyclones, as described in Section 3, is dependent 
essentially on the changes in the major cloud features 
associated with the tropical cyclone. As the technique 
was developed and tested, some refinements were 
considered that could be of value in modifying or 
increasing confidence in the movement forecast. 
For example, if the upper-level analyses show that 
the storm is drifting toward a region of increased or 
decreased steering current speed, the movement angle 
derived by the DSMP method can be modified appro-
priately. In a constant curvature field, an increase in 
the steering speed field in the forecast section of the 
track (refer to Fig. 2) should result in a larger angular 
movement prediction than expected. Conversely, a 
decrease in the speed of the steering current would 
have the opposite effect. Additionally, if the curvature 
of the steering current in the forecast section of the 
track differs significantly from that of the analysis 
section, this would directly affect the forecast deflection 
and should be applied to increase or decrease the 
amount of turning to be anticipated. 
In most instances, tropical cyclones will exhibit some 
form of consistent curvature over a period of 48 h. 
With this in mind, it can be hypothesized that the 
intermediate positional information concerning the 
storm center during the 24 h period in the analysis 
section of the track (T1 to T2 of Fig. 2) could be of 
value in the forecast section of the track (T2 to T 3 of 
Fig. 2). That is, if reconnaissance, radar or satellite 
information shows the position of the storm center of 
the tropical cyclone to be to the right of the straight 
line vector from T 1 to T2 at some intermediate time, 
the storm will probably back cyclonically in the 
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TABLE 1. The 24 h movement error in degrees (31 cases) for JTWC versus the 24 h movement error for the DMSP movement tech-
nique for the seven subjects tested (A through G). The 31 cases (all from 1972 typhoons) are identified by typhoon name and by the 
satellite times used in the forecast technique. 
CASE 
liO. 
8 
9 
10 
11 
1 2 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2 3 
24 
25 
26 
27 
28 
29 
30 
31 
TYPHOOil 
UT 
LOLA 
LULA 
LOLA 
LOLA 
RITA 
RITA 
RITA 
RITA 
RITA 
R l TA 
RITA 
Rlrn 
p !TA 
RIH 
RITA 
RITA 
PHYLLIS 
PH'ILL!S 
HSS 
TESS 
TESS 
TESS 
All CE 
BETTY 
BETTY 
BETTY 
BETTY 
BUTY 
BETTY 
BETTY 
SATELLITE TrnES 
6 JA:I 0251Z/7 JA:I 0235Z 
31 MAY 0158Z/l JU'I 0143Z 
1 JU:I Ol43Z/2 JU:I 0129Z 
1 JU:I 2210Z/2 JUii 2143Z 
3 JU~ Oll5Z/4 JUii OlOOZ 
8 JUL 0259Z/8 JUL 2208Z 
9 Jt;L 0214Z/9 JUL 2322Z 
9 JIJL 2322Z/10 JUL 2254Z 
13 JUL 0328Z/14 JUL 0313Z 
14 JUL 0313Z/15 JUL 0259Z 
15 JUL 0259Z/16 JUL 0244Z 
15 JUL 0244Z/l 7 JUL 0230Z 
16 JUL 2332Z/l7 JUL 2305Z 
17 JUL 2305Z/18 JUL 2238Z 
19 JUL 0343Z/20 JUL 03282 
21 JUL 0314Z/22 JUL 0259Z 
23 JUL 2343Z/24 JUL 2316Z 
8 JUL 2209Z/9 JUL 21402 
11 JUL 0215Z/ll JUL 22282 
13 JUL 23132/14 JUL 21052 
14 JUL 01322/15 JUL 01172 
15 JUL 22192/16 JUL 21512 
19 JUL 0201Z/19 JUL 22102 
31 JUL 2146Z/Ol AUG 21182 
9 AUG 22432/10 AUG 22152 
10 AUG 0149Z/ll AUG 03162 
10 AUG 22152/11 AUG 21482 
10 AUG 23292/11 AUG 23022 
13 AUG 02482/14 AUG 02322 
14 AUG 02322/15 AUG 04002 
14 AUG 23482/l 5 AUG 23202 
Jn~c ERROR 
(Oegrees) 
25 
69 
08 
08 
32 
21 
03 
03 
12 
110 
59 
25 
164 
50 
42 
55 
15 
75 
17 
49 
53 
10 
21 
01 
37 
37 
25 
04 
15 
13 
01 
09 
48 
51 
27 
04 
03 
11 
26 
22 
49 
48 
44 
52 
72 
06 
13 
12 
24 
06 
44 
56 
19 
27 
35 
04 
06 
01 
17 
04 
09 
08 
15 
58 
00 
08 
17 
03 
08 
17 
27 
143 
32 
0 l 
23 
89 
27 
54 
' 60 
22 
28 
34 
17 
09 
56 
18 
13 
26 
DI 
32 
20 
31 
04 
DMSP HCHllIQUE ERROR (Degrees) 
C D E 
03 
29 
106 
06 
07 
08 
02 
16 
43 
127 
40 
69 
17 
31 
34 
84 
16 
20 
22 
7 5 
58 
55 
16 
23 
05 
23 
25 
25 
01 
01 
17 
Ol 
56 
37 
19 
32 
02 
08 
02 
1 2 
85 
42 
29 
06 
82 
16 
25 
02 
02 
18 
54 
49 
08 
26 
26 
06 
08 
04 
41 
23 
54 
21 
21 
75 
106 
37 
16 
37 
28 
03 
09 
119 
46 
36 
21 
82 
22 
03 
21 
67 
29 
37 
52 
25 
36 
41 
18 
09 
17 
47 
00 
40 
19 
19 
25 
16 
28 
03 
26 
02 
02 
77 
131 
32 
44 
31 
42 
13 
50 
17 
12 
13 
84 
37 
16 
16 
03 
09 
34 
15 
39 
02 
22 
06 
06 
14 
5 7 
34 
17 
14 
34 
1 0 
16 
93 
22 
17 
48 
52 
11 
66 
05 
1 7 
26 
60 
58 
12 
82 
51 
03 
06. 
32 
30 
08 
02 
30 
MEAN 34.2° 24. 4 ° 28. 8' 32. 4 ° 25. 7° 36. 1 ° 27. 9° 30. l 0 
following 24 h period (refer to Fig. 2a). Intermediate 
positional information to the left in the T 1 to T 2 period 
would be associated with an anticyclonic movement in 
the forecast period of interest as in Fig. 2b. 
In order to test this hypothesis the 31 cases were 
separated into those that backed cyclonically from 
day 1-day 2 to day 2-day 3 (17 cases), and those that 
veered anticyclonically from day 1-day 2 to day 2-
day 3 (13 cases).5 The right-angle deviations from the 
straight line vector from the day 1 satellite position to 
the day 2 satellite position, of the available fix 6 and 
best-track positions, were averaged and the results are 
shown in Fig. 23. It can be seen that the fix and best-
track positions for cyclonically moving storms tend to 
be, on the average, to the right of the day 1-day 2 
vector and those for anticyclonically moving storms 
were to the left. 
The above considerations could either be used by the 
forecaster to modify the DMSP movement forecast or 
to increase confidence in the decision reached. 
5 In one case there was no change in direction of movement. 
6 The determination of the position of a tropical cyclone at 
a precise time, generally by reconnaissance aircraft penetra-
tion of the center; or by airborne, land or ship radar; or satellite 
photographs. 
6. Conclusions and discussion 
The results of this initial test evaluation appear quite 
positive. Although the method as developed is quite 
CYCLONIC MOVEMENT 
[17CASES] 
'1'\ 
' ' I , 
·' 
DAY 2 
FIX 
11. 9 KM 
BES TRACK 
8.8 KM 
DAY 1 
ANTICYCLONIC MOVEMENT 
[13 CASES] 
/' 
I 
I 
' ,, 
DAY 2 
FIX 
11. 5 KM 
BEST TRACK 
10.6 KM 
DAYl 
FrG. 23. Average right-angle deviations of the fix and best-
track positions from the straight-line vector from the day 1 satel-
lite position to the day 2 satellite position. 
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subjective, computer programs based on pattern 
recognition or subtraction techniques to determine 24 h 
rotation could be applied to quantify the approach as 
a "first guess." There is undoubtedly an experience or 
skill factor involved in applying the DMSP method 
successfully. Almost all test participants achieved 
better results with their later examples than with the 
first few attempts. (The test was not necessarily 
administered numerically as shown in Table 1.) Addi-
tional tests are planned in which the examinees will 
have access to those operational products (surface and 
upper-level charts, fix positions, etc.) normally available 
at forecast time so that the satellite evidence can be 
evaluated in the total context of information available. 
In actual practice, on an operational basis, the satellite 
data, of course, would be used and evaluated in such 
a manner and almost never independent of other data. 
This should presumably serve to reduce the 24 h error, 
by permitting forecast modifications when the steering 
current forecast or results of other forecast methods 
indicate a non-persistent condition. 
It should again be emphasized that the unique DMSP 
display capabilities facilitated use of the method. 
Although the method should work with other satellite 
data, special processing, enlarging, rectifying, etc., may 
be necessary to optimize results. Having an enlarged 
image to work with is particularly important. For 
operational purposes extensive time delays required 
to produce "sliced" IR depictions or other views, of 
course, could not be tolerated. 
The fact that the method is successful at all is of 
course significant not only from the point of view of 
offering hope for improving the 24 h forecast error but 
from the point of view of suggesting a new approach to 
understanding the dynamics of the interrelationship 
between the storm and its environment. As stated by 
Malkus et al. (1961), "If in fact it turns out upon 
further study that there are preferred spots for tower 
generation which remain relatively fixed in storm 
coordinates, this is a significant matter. It may be 
related to mesoscale wind and temperature streakiness 
and may further hold the key to interaction between 
the convective structure and the large-scale dynamics 
of the storm." 
As has been demonstrated by the examples in this 
paper, preferred locations for convective bands do 
exist which rotate, maintaining the same relative 
location with respect to storm movement. The upper 
rain and cirrus shield also rotate in a similar manner 
coupled with features of the underlying circulation. A 
rich and fertile field for further detailed investigation 
into this subject appears wide open. 
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APPENDIX 
Rules for Applying the DMSP Technique To De-
termine The 24 H Movement of Tropical Cyclones 
1. General description of the method 
Three separate depictions of the tropical cyclone are 
obtained daily: 
(i) The VHR 0:61 km (t n mi) visual depiction. 
(ii) The IR 3. 7 km (2 n mi) infrared depiction. In 
this depiction 16 grey shades covering 100 K, each 
grey shade approximately 6.2 K, are displayed with a 
base setting of 310 K. (Recommended setting, 310°X1 
inverted, high enhance.) 
(iii) A "sliced" IR depiction. (Recommended setting, 
Y1=285 K, Y2=265 K, Y3 =245 K.) 
A transparent overlay is first prepared using the VHR 
product of the preceding day's DMSP view of the 
storm. This overlay shows major structural features of 
the storm: the eye; the outline of the dense overcast 
area surrounding the eye; the outline of major convec-
tive bands spiraling around the eye; the outline of 
cloudiness leading from the storm to other storms; and 
some arrows depicting the orientation of cirrus stria-
tions emanating outward from the cirrus canopy 
covering the storm. This overlay is oriented with respect 
to true north and then placed over and registered on 
the IR, 310Xl depiction. This depiction emphasizes 
high-level cirrus striations from which additional arrows 
paralleling these patterns are obtained. (Basic anti-
cyclonic, upper level outflow roughly parallel to these 
arrows is generally assumed.) This outline is then super-
imposed over the DMSP products (visual, IR and 
sliced IR) of the next day. Inevitably there are some 
general similarities in comparing the appearance of the 
storm and its environment from one day to the next. 
This similarity is enhanced if the overlay patterns are 
rotated so as to achieve a best fit. The amount and 
sense of rotation required to achieve this best fit is 
noted. 
A second overlay is prepared, tracing the 245 K 
contour from the sliced IR depiction. This outline fre-
quently defines the shape of the high cloud shield, 
which often assumes an elliptical pattern (see Fig. 21). 
This overlay is oriented with respect to true north and 
the major axis of the ellipse, if apparent, is drawn as a 
dashed line. This pattern is separately rotated on the 
following day's sliced IR view to obtain a best fit and 
the amount and sense of rotation noted. The separate 
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measurements obtained by using the visual overlay 
and the sliced IR overlay should agree quite closely. 
Variations in measurements can usually be resolved by 
considering all three pieces of data (VHR, IR and 
sliced IR) in combination and by averaging incon-
sistencies. The amount and sense of rotation measured 
is applied as a 24 h forecast deflection of the storm's 
center from its previous 24 h straight-line track. 
2. A DMSP tropical cyclone movement work sheet 
1) PRODUCTS 
a. VHR 
b. IR: (310X1) inverted, high enhance 
c. Sliced IR: Y1=285 K, Y2=265 K, Y3 =245 K 
2) OVERLAYS (Align all with respect to true north) 
a. Visual (consider drawing the following features) 
(i) Edge of dense overcast 
(ii) Eye 
(iii) Clear slots 
(iv) Connective clouds (cirrus or cumuliform) 
(v) Pattern emphasis (elliptical, oval, elon-
gated, asymmetrical or comma) 
(vi) Arrows depicting cirrus outflow. (Obtain 
additional arrows from the IR 310Xl, 
inverted high enhance depiction) 
b. Sliced IR depiction (consider the following 
features) 
(i) Pattern emphasis as depicted by the 245 K 
contour (elliptical, oval, elongated, 
asymmetrical or comma) 
(ii) Major axis of pattern 
3) ROTATIONAL COMPARISON (Rotate day 1 outline 
on day 2 picture according to procedures as 
indicated in Fig. 9) 
a. Location of eye on day 1 should be kept within 
a degree or two of location of eye on day 2. 
b. Edge of main overcast area surrounding eye on 
day 1 should be matched with similar outline 
viewed on day 2. Cirrus bands and arrows in-
dicating outflow should be used as secondary 
indicators for "fine-tune" adjustment. 
c. Separate sliced IR comparison should empha-
size main high cloud pattern as depicted by 
the 245 K contour. Resolve variations of 
rotation required by considering all products 
in combination in an averaging process. 
4) DEFLECTION MEASUREMENT 
a. A counterclockwise rotation of the day 1 over-
lay on the picture from day 2 will be indicated 
as minus ( - ) and a clockwise deflection of 
the overlay will be indicated as positive ( + ). 
5) ADDITIONAL CONSIDERATIONS (Refer to Section 5) 
If the upper-level analyses show that the storm is 
moving toward a region of increased or decreased steer-
ing current speed, the movement angle derived by the 
DMSP method can be modified appropriately. If the 
steering current in the forecast section of the track 
differs significantly in direction from that of the analysis 
section, this would directly affect the forecast deflection 
and should be applied to increase or decrease the 
amount of turning to be anticipated. 
Additionally, intermediate fix positions for cycloni-
cally curving storms tend to be to the right of the day 1-
day 2 straight-line track vector and those for anti-
cyclonically curving storms, to the left (see Fig. 23). 
These data should confirm the sense of rotation deduced 
through the overlay method described above. 
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